Objectives: To report six month outcome in patients undergoing their first pulmonary vein ablation procedure for idiopathic atrial fibrillation (AF) at a ''non-pioneering'' hospital. Design: Prospective observational study. Setting: Specialist electrophysiology unit at a university hospital. Patients: The first 100 consecutive patients undergoing their first pulmonary vein catheter ablation procedure for highly symptomatic, drug resistant AF in the period 1999-2002. Main outcome measures: Incidence of symptomatic or asymptomatic, Holter documented AF six months after ablation. Results: Mean patient age was 52 years (range 23-73 years), mean length of AF history 53 months (range 6-180 months), mean number of antiarrhythmic drug failures was 3 (range 1-5), and 81 were men. At the time of the ablation procedure, 64 had progressed to persistent AF and 23 had increased transverse left atrial diameter. The number of pulmonary veins ablated in each patient was one in 11, two in 45, three in 36, and four in 8. Six months after ablation, 55 patients were consistently in sinus rhythm, asymptomatic, and without any Holter evidence of AF. The chance of being in sinus rhythm was 73% (29 of 64) in those with paroxysmal as compared with only 45% (26 of 36) in those with persistent AF at the time of ablation (p = 0.01). Outcome was not influenced by patient age, length of AF history, or duration of persistent AF before ablation or to left atrial dimension. Follow up was complete and no patient has died or experienced a stroke during or after ablation; nor have any developed symptoms of late pulmonary vein stenosis. However, other complications occurred during or shortly after the procedure in 12 patients, including cardiac tamponade in six. Conclusions: In selected patients with drug resistant AF, focal pulmonary vein catheter ablation offers a realistic prospect of achieving stable sinus rhythm compared with alternatives. However, it is a complex form of ablation with a significant risk of serious complications. Although a new milestone in arrhythmia management, the optimum ablation technique is still evolving and any impact on the natural history of AF remains to be determined.
A trial fibrillation (AF) is the most common sustained cardiac arrhythmia. 1 Despite this, and perhaps because it had long been assumed that AF would not be amenable to curative ablation, AF has been relatively neglected by cardiac electrophysiology. However, recently pioneering groups have begun to unravel the complex interaction between the extrasystoles arising predominantly from pulmonary veins, which trigger AF, and the changes that take place as a consequence of the arrhythmia, which ultimately make it permanent. [2] [3] [4] As a result, various ablation strategies have now emerged and their feasibility and success have been confirmed by the original proponents. 2 5 6 The main goal of ablation is to prevent repetitive extrasystoles, which arise from the epicardial muscle sleeves of pulmonary veins, from conducting to the body of the left atrium by delivering focal lesions near the vein ostia. 5 7 8 When sustained AF has led to advanced atrial remodelling, pulmonary vein ablation may need to be supplemented by ablation lines to create conduction block at key zones to stabilise atrial electrophysiology and help maintain sinus rhythm. 9 10 Evidence for the benefits of ablation lines in restoring sinus rhythm comes from the surgical literature, with reports that AF can be abolished in 70-99% of cases by creating lines of conduction block in one or both atria. [11] [12] [13] Despite the lack of any long term efficacy data and continuing controversy about risk-benefit considerations, catheter ablation of AF is now beginning to be performed in many hospitals worldwide. [14] [15] [16] [17] [18] A crucial question is whether the encouraging success rates reported by pioneering groups can be achieved by second wave hospitals. The goals of this research, therefore, were, firstly, to report six month outcome from the first 100 consecutive patients who underwent their first left atrial catheter ablation for AF in the absence of identifiable heart disease at our hospital; and, secondly, to determine the impact of five variables on outcome-age, length of any AF history, whether AF was paroxysmal or persistent at time of ablation, duration of persistent AF, and left atrial size-and their implications for patient and procedure selection.
METHODS

Patient selection
Patients referred to our hospital with a history of highly symptomatic paroxysmal AF, in the absence of identifiable heart disease, were considered for catheter ablation. They were not rejected for ablation even if they had progressed to a persistent pattern of AF by the time of assessment or ablation. Typically, AF had not been controlled symptomatically by trials of two antiarrhythmic drugs. Structural heart disease was excluded on the basis of history and non-invasive testing. All patients had an echocardiogram to exclude ventricular systolic dysfunction or dilatation, hypertrophy, and valvar disease. All had normal P waves on 12 lead ECG in sinus rhythm. Transient or systemic causes for AF were excluded by blood tests for thyroid dysfunction, systemic inflammation, or biochemical derangement. Systemic hypertension was not a contraindication to ablation once blood pressure had been controlled, but patients whose arrhythmia was considered to be caused by alcohol excess were deemed unsuitable for this procedure.
Consent for procedure
Before ablation a senior member of the team explained the procedure in detail to all patients in the outpatient context. The novelty of the technique and the fact that the procedure itself is long and arduous, has uncertain medium term results, and lacks any long term outcome data, were all emphasised. Patients were quoted a small risk of serious complications, specified as embolic stroke, cardiac tamponade, and pulmonary vein stenosis. Before agreeing to undergo the procedure, patients in persistent AF were also made aware that treatment with potent antiarrhythmic drugs and full anticoagulation would need to continue for up to three months after ablation. Consent was obtained in writing usually at a preadmission clinic in the weeks before admission. The patients included in this series, therefore, were highly motivated either by intolerable symptoms or lack of acceptance of AF and the need for chronic treatment as an alternative. Patients with frequently recurring or long lasting paroxysms and all those in persistent AF were fully anticoagulated with warfarin for a minimum of one month before ablation. Anticoagulation was discontinued five days before the procedure itself.
Ablation procedure
Procedures were performed under midazolam and fentanyl sedation and supplemental oxygen. A nurse monitored and recorded the level of consciousness, blood pressure, and oxygen saturation throughout the procedure. Under local anaesthesia, catheters were sited through the right femoral vein to the right atrium and transseptally to the left atrium. A coronary sinus catheter was sited through the right internal jugular vein to the coronary sinus for internal cardioversion and left atrial pacing. In most cases two steerable 4 mm tip ablation catheters was passed transseptally, one through a sheath and the other through the same septal puncture without a sheath. The right atrial catheter acted as a reference and could also be used for pacing. Navigation and ablation were guided by pulmonary vein-left atrial angiograms alone in the first half of the series and subsequently by angiography and the LocaLisa intracardiac navigation system. 10 After the left atrium was accessed, patients were anticoagulated with an intravenous bolus of heparin. This was supplemented later as required to maintain an activated clotting time of greater than 200 s.
Ablation lesions were sited inside the pulmonary veins as near the ostium as possible while retaining catheter stability, with the aim of disrupting all electrical connections between the veins and the body of the left atrium. Initially only veins exhibiting arrhythmogenic behaviour were targeted for ablation; however, in the latter part of this series, attempts were made to isolate all four veins. To facilitate this, a stored reference image of the vein being ablated at any particular time was displayed and, in the second half of the series, the combination of a reference angiogram image and the LocaLisa system allowed the ostia to be identified and navigated around more accurately. Each energy delivery was maintained for 60 s typically and, to reduce the risk of pulmonary vein stenosis, strictly limited to 30 W for left upper and 20-25 W for left lower and right pulmonary veins, and with a maximum temperature cut off setting of 50˚C. 19 For patients in sinus rhythm at the start of the procedure, catheters were positioned initially in the left and right upper pulmonary veins and moved subsequently to other veins. If spontaneous extrasystoles occurred the veins responsible were identified and targeted for ablation first. If no extrasystoles occurred during a short period of observation, coronary sinus pacing was instituted and the left upper pulmonary vein was ablated, targeting ostial sites with pulmonary potentials closely coupled to left atrial electrograms. 20 The right upper pulmonary vein was addressed in the same way during sinus rhythm. For patients in persistent AF at the start of the procedure, attempts were made to restore sinus rhythm with internal direct current cardioversion. If this was achieved, ablation progressed as for patients in sinus rhythm thereafter. If sinus rhythm could not be maintained, the left and right upper veins were ablated empirically, before cardioversion was repeated. After ablations in the left and right upper veins had been completed, catheters were moved to the lower veins and evidence of spontaneous or pulmonary potentials was sought. For patients continuing in AF an attempt was made to address all four veins comprehensively. In addition, in the later part of the series linear ablations were performed with LocaLisa guidance in patients resistant to cardioversion despite pulmonary vein ablations. Lines were sited to block conduction between the mitral annulus and left lower pulmonary vein ostium (mitral isthmus line) and between the ostia of the right and left upper veins (roof line). If, at the end of the procedure, patients continually reverted to AF after cardioversion, flecainide (1-1.5 mg/kg) was administered to help stabilise the atria before a final cardioversion. Although the intention was to isolate the veins targeted for ablation electrically, this was not confirmed systematically in all cases, mainly because of the proportion of patients in persistent AF for most of the ablation procedure. The end point of the procedure was dictated by a composite of considerations: successful isolation of the culprit veins or extent of ablations already sited to achieve this; patient discomfort; occurrence of or concern about possibility of complications; and total duration of the procedure. Anticoagulation was reversed with intravenous protamine at the end of the procedure in most patients.
Before discharge
On the day after the procedure, all patients had an echocardiogram recorded as baseline for further follow up and to exclude pericardial effusion, and an ECG to document atrial rhythm and, if in sinus rhythm, P wave morphology. All patients in persistent AF before ablation were prescribed potent antiarrhythmics on discharge-typically flecainide and a b blocker-for at least three months and anticoagulation was recommenced. However, patients taking amiodarone were continued on this and sotalol was prescribed to those with a history of previous flecainide intolerance. Treatment was individualised for patients with a history of paroxysmal AF only, and some patients chose to have their antiarrhythmic treatment discontinued altogether after the procedure. Oral anticoagulation was restarted in all patients with persistent AF before ablation, any patient with a previous embolic event, and patients with paroxysmal AF who had been taking it before the procedure. Thus, all patients were taking either warfarin or aspirin after their procedure.
Follow up
Patients were reviewed regularly, typically at six weeks and at three, six, and 12 months after their ablation procedure. This report presents outcome data for all patients at six months after their first anti-AF ablation procedure. Outcome at six months was chosen intentionally as the optimum interval at which to report follow up, to avoid uncertainties about the relevance for longer term outcome of earlier recurrences in patients in persistent AF at the time of ablation. This interval also allows a generous period for atrial reverse remodelling to have occurred and, in our opinion, is likely to provide a truer indication of longer term outcome. 3 4 21 At each interval during follow up, rhythm status was determined on the basis of symptoms since last review and rhythm on that occasion from a 12 lead ECG. In addition, all patients free of symptomatic AF had a 48 hour Holter ECG recorded to exclude the occurrence of asymptomatic episodes of AF. An echocardiogram was also recorded at most follow up visits to remeasure the size of the left atrium and left ventricular function. Whether antiarrhythmic and anticoagulant treatment was maintained or withdrawn during follow up was decided on the basis of rhythm status and the patient's wishes. If treatment was reduced or withdrawn and symptoms of palpitation recurred or asymptomatic AF was seen on Holter ECGs, treatment was restarted and continued indefinitely.
Statistical methods
Unless otherwise stated all values are expressed as mean (1 SD). Groups were compared by x 2 test for discontinuous and Student's t test for continuous variables, adjusted when required for small sample size. Subgroups were compared by analysis of variance. In all cases, differences were considered significant at the 5% probability level and highly significant at the 1% probability level.
RESULTS
One hundred consecutive patients with idiopathic AF underwent their first focal pulmonary vein ablation in the period February 1999 to December 2002. Mean age was 52 years (range 23-73 years) and 81 were men-a four to one male to female preponderance. No patient had sinus node disease or a bradycardia indication for pacing, but one had previously undergone an aortic valve replacement and another surgical division of an accessory pathway. In the years before AF ablation, 33 patients had undergone another form of catheter ablation: right atrial flutter isthmus ablation in 19; right atrial intercaval line ablation in two; both of these right atrial procedures in five; catheter modification of the atrioventricular junction for a separate diagnosis of atrioventricular nodal re-entry tachycardia in two; ablation of the left sided accessory pathway in two; and combined right atrial tachycardia and flutter isthmus ablation in one. Many of these earlier right atrial ablation procedures were attempts to improve arrhythmia control before the introduction of focal pulmonary vein ablation at this hospital. 
Ablation procedure
In all but one patient, the procedure was performed under local anaesthesia and midazolam and fentanyl sedation. Although AF had been paroxysmal in all patients at one time in their history, it had become persistent in 64 by the time of their ablation procedure and in only 36 was paroxysmal behaviour maintained. Mean time from initial referral for ablation to actually undergoing the procedure in this series was six months (range 4-9 months). Internal cardioversion was required at least once during the procedure in 71 patients. Table 1 Early outcome and discharge management At the end of the ablation procedure 77 patients were in sinus rhythm compared with only 22 at the start (p , 0.0001). Except for those who experienced complications, patients were discharged the day after the procedure and reviewed regularly thereafter, either at our hospital or at their local specialist centre. All those in persistent AF before ablation were prescribed an antiarrhythmic on discharge, typically sotalol, flecainide, or a combination of flecainide and a b blocker. All patients with a history of persistent AF restarted full anticoagulation with warfarin and continued for a minimum of three months or until the outcome of the procedure was established by follow up. Figure 2 shows outcome six months after ablation. Of the 100 patients, 55 were consistently in sinus rhythm and free of arrhythmia symptoms. The occurrence of asymptomatic AF was also excluded in these patients by the absence of AF on a 48 hour Holter recording. The remaining 45 patients continued to experience symptomatic paroxysmal or persistent AF despite drug treatment. No patient underwent a repeat ablation procedure during this six month period of follow up, although some have undergone additional procedures subsequently.
Rhythm status six months after ablation
Of the 55 patients in stable sinus rhythm after ablation, only 17 (31%) had stopped antiarrhythmic and anticoagulant treatments. The high rate of continuing treatment even in this group was the result of a policy decision to continue antiarrhythmic treatment indefinitely in patients with persistent AF before ablation. This was because asymptomatic runs of AF were detected on Holter recordings of some patients who had persistent AF before the procedure when antiarrhythmic drugs were withdrawn three months after ablation during the first half of the series. Thus, the 69% rate of continuing treatment to maintain sinus rhythm may not be necessary indefinitely.
Complications of ablation procedure
Follow up was complete in all patients and none has died or experienced a stroke during or after ablation. Nor have any developed symptoms of late pulmonary vein stenosis. However, 12 patients experienced other complications during or shortly after the procedure (table 2) . Pericardial tamponade resulted in haemodynamic compromise and required pericardiocentesis in six patients. Cardiac perforation was attributed to transseptal puncture in two, to a right ventricular pacing lead in two, to manipulating a stiff cardioversion catheter in the right ventricular outflow tract in one, and to perforation of the right upper pulmonary veins with a guidewire in one. Once cardiac perforation had occurred, bleeding was inevitably aggravated by the need for full anticoagulation throughout the procedure. Each of the two systemic embolic episodes occurred just after transseptal sheath manipulation. On both occasions, the embolus was to the right coronary artery and caused hypotension and ECG changes in the inferior leads, which resolved over a few minutes. No coronary lesions were evident on angiography performed within 10 minutes of the event, and air embolus was presumed to be the cause in both. After a period of observation, the procedure was completed on both occasions without further complication. Complete heart block occurred in one patient during ablation to the right atrial isthmus between the tricuspid valve and inferior vena cava. Local groin haematomas sufficient to require transfusion or fibrin injection to a false aneurysm occurred in two patients and delayed hospital discharge. Acute spasm of the left upper pulmonary vein was observed during the ablation procedure in two patients, but neither developed a significant stenosis on detailed assessment over the next three months. In the whole group, the pulmonary veins were not imaged systematically after the ablation procedure.
Subgroup analyses of outcome of ablation at six months
Effect of clinical AF category
Outcome of ablation at six months correlated significantly with the pattern of AF behaviour at the time of the procedure (fig 3) . Thus, the chance of being in sinus rhythm at six months, with or without the use of antiarrhythmic drugs, was 73% in those with paroxysmal (n = 36) as compared with 45% in those with persistent AF (n = 64) at the time of ablation (p = 0.01). Conversely, the chance of a patient with paroxysmal AF at the time of ablation continuing to experience AF at six months was 27% as compared with 55% for those with persistent AF (Fisher's exact p = 0.01).
Of patients continuing to have paroxysmal AF at time of ablation and in sinus rhythm consistently six months later (n = 26), 11 (42%) were no longer taking antiarrhythmic drugs and 15 (58%) were. Of patients in persistent AF at the time of ablation and in sinus rhythm six months later (n = 29), six (21%) were no longer taking antiarrhythmic drugs and 23 (79%) were.
Effect of left atrial size
Outcome of ablation at six months did not relate to whether the transverse diameter of the left atrium on a two dimensional echocardiogram was normal (n = 77) or increased (n = 23) (Fisher's exact p = 0.24) (fig 4) .
Duration of any AF history before ablation
Outcome of ablation at six months did not relate either to an estimate of the total duration of AF history (sinus rhythm 50.5 (37.9) v AF 56.3 (32.1) months, p = 0.42) or to the duration of any progression to persistent AF (n = 64) by the time of the ablation procedure (sinus rhythm 38.1 (28) v AF 38.2 (27.9) months, p = 0.99) ( fig 5) .
Effect of patient age on ablation outcome
Outcome of ablation at six months did not relate to the age of the patient at the time of the procedure (sinus rhythm 51.7 (10.4) v AF 52.1 (10.8) years, p = 0.87) (fig 6) .
DISCUSSION
The main finding of this study is that 55% of the first 100 consecutive patients treated by catheter ablation for idiopathic, drug refractory AF at our hospital were in stable sinus rhythm six months later. Although this outcome appears worse than the success rate of 70-90% reported from pioneering centres in their latest reports, [5] [6] [7] it is similar to the 59-62% outcome of their initial series 2 6 and well within the 33-66% success rate reported by other second wave groups. 15-17 22-24 Furthermore, the results are of outcome after a first pulmonary vein ablation procedure in each patient and not after multiple procedures. 23 These results also would have included any impact of a learning curve effect in deploying this novel and complex form of ablation. 25 Retrospective subgroup analyses show that AF was abolished in 73% of patients continuing to experience paroxysmal AF as compared with only 45% of patients who had progressed to a persistent pattern before the ablation procedure (p , 0.01). The worse outcome among patients in persistent AF at the time of ablation has been highlighted previously by other groups 7 8 and correlates with the need for multiple or more extensive procedures in other series. 14 16 The implication of this finding is that, to improve outcome, ablation may need to be undertaken when arrhythmia behaviour is still paroxysmal rather than delaying it further, once optimal drug treatment fails to control symptoms adequately. The fact that the outcome of ablation with current procedures is significantly worse for persistent than for paroxysmal AF affects the risk-benefit equation of the procedure: earlier procedures with higher success versus delayed procedures with lower success rates to avoid exposing patients to procedural risks. Importantly for patient selection, outcome in this series was not influenced by patient age, total duration of any AF history, duration of any persistent AF behaviour, or the transverse dimension of the left atrium.
Differences from other series
Proportion of patients with persistent AF
The outcome of any series of AF ablation depends on the case mix of patients studied. In contrast to most other series, in which only patients with paroxysmal AF 2 5 17 23 or only a small proportion with persistent arrhythmias were studied, 16 26 the majority (64%) in this series had persistent AF. Not only are the results of ablation worse for patients with persisting AF, in which multiple or more extensive procedures may be required, but also antiarrhythmic drugs may need to be prescribed differently during follow up. 3 4 21 If, as might be expected, the success rate of pulmonary vein ablation falls progressively over time from the onset of persistent AF then linear ablation either alone or in combination with focal pulmonary vein ablation may be more appropriate. 9 27 Support for this approach can be extrapolated from surgical experiences; even in the context of structural heart disease, longstanding persistent AF can be abolished in 70-99% of patients.
11-13 28 29 Similar results would be expected from line drawing procedures performed percutaneously with the aid of equipment designed to facilitate the process.
Continued antiarrhythmic drug treatment after ablation
Most of the patients in sinus rhythm in this series were still taking potent antiarrhythmic drugs six months after ablation. A policy decision was taken early in the series to continue drugs long term for patients who had persistent AF before ablation. This was adopted after we saw short runs of asymptomatic AF re-emerge on Holter recordings from some of these patients when drug treatment was being withdrawn three months after ablation. In patients with persistent AF, arrhythmia recurrences might still be expected despite ablation of pulmonary vein triggers until atrial remodelling has reversed. 2 4 21 Indeed, our group has already reported the phenomenon of ''delayed cure'' despite early recurrences of AF in this context. 30 For these reasons, the proportion of patients continuing antiarrhythmic treatment in this series indicates reluctance on the part of both patients and physicians to withdraw treatment after ablation, which had been ineffective previously, when control of AF has at last been achieved.
Complications of pulmonary vein ablation
The debate about the role of catheter ablation of AF is dominated at the moment by concerns about serious complications: cardiac tamponade and thromboembolic stroke acutely and pulmonary vein stenosis in the years afterwards. 31 Cardiac tamponade occurred in 6% of patients in this series and, in all but one case, was suspected before the end of the procedure on the basis of falling blood pressure and confirmed by echocardiography. Pericardiocentesis relieved the problem in all, but discharge was delayed by 2-5 days in every case because of subsequent pericardial discomfort, pyrexia, or malaise in some. As best we can determine, cardiac tamponade was probably not caused primarily by pulmonary vein ablation in any of these cases but followed difficult transseptal procedures or manipulation of a rather stiff cardioversion catheter into the pulmonary artery. The need for anticoagulation subsequently during the procedure then facilitated continued bleeding from any perforation.
Both air emboli to the right coronary arteries occurred just after exchange of a catheter through a transseptal sheath, emphasising again the need for meticulous technique at these times.
To date we have not identified any case of symptomatic late pulmonary vein stenosis. To what extent reports of this complication relate to ablation at more distal sites in pulmonary veins or the use of excessive energy remains unclear. In this series, the energy delivered during each ablation was strictly limiting and lesions were only sited near pulmonary vein ostia. 2 19 Limiting energy delivery in this way is undoubtedly appropriate but may reduce the ability to achieve electrical disconnection of veins with conventional catheters. 26 32 Limitations of the study The technique of ablation described in this series can be criticised on at least three counts: for not attempting to ablate all veins in each patient, for not using additional mapping aids in the first 62 patients, and for not confirming pulmonary vein isolation. Each of these could have affected the results.
However, the optimum technique for this form of ablation is still evolving and no single method is established, particularly for patients with persistent AF. 33 For example, the improved antiarrhythmic outcome following isolation of all pulmonary veins may well be explained by the possibility that even pulmonary veins not causing extrasystoles may facilitate the maintenance of AF once it has started. However, at least during the learning phase of any series, the time devoted to disconnecting veins not manifesting extrasystolic behaviour detracts from that available for dealing with veins that are more obviously implicated in arrhythmia initiation.
In this series we did not attempt to determine systematically whether ablated veins had been isolated electrically from the body of the left atrium, but this is difficult to do in patients continuing in AF at the end of the procedure. Furthermore, not all groups agree that successful ablation requires complete isolation and, even if complete isolation is desirable, 6 8 34 it is not acute but long term disconnection that is important. Nor was the quality of life of patients after ablation assessed formally or prospectively in this study.
The conduct of AF ablation at this hospital has already changed in the light of these results. However, despite the recognised shortcomings in our initial series, we consider that the results contribute to the debate about this evolving technique of catheter ablation of AF.
Conclusion
This series confirms a clinically useful role for catheter ablation in AF. It reinforces the validity of earlier reports and shows that this treatment can be undertaken successfully by non-pioneering groups. However, pulmonary vein ablation is a new and complex form of ablation, arduous for both
